Abstract Tourette's syndrome (TS) consists of chronic motor and phonic tics and characteristically begins in childhood. The tics can be disabling and commonly associated behavioral comorbities such as attention deficit hyperactivity disorder (ADHD) and obsessivecompulsive disorder (OCD), can also cause problems in daily functioning. The underlying etiology and neurobiology of TS remain unknown although genetic factors appear to be important, cortical control of basal ganglia motor function appears to be disturbed and neurochemical abnormalities, particularly involving dopamine neurotransmission, are likely present. The treatment of TS involves appropriate education and support. Tics can be treated with habit reversal cognitive behavioral therapy, medications (most commonly alpha agonists and antipsychotics), local intramuscular injections of botulinum toxin and some severe, refractory cases have responded to deep brain stimulation surgery (DBS). It is important to appropriately diagnose and treat comorbid behavioral disorders that are disrupting function. OCD can be treated with cognitive behavioral therapy, selective serotonin reuptake inhibitors, and atypical antipsychotics. DBS has become a treatment option for patients with disabling OCD despite other therapies. ADHD is treated with appropriate classroom accommodations, behavioral therapy, alpha agonists, atomoxetine or methylphenidate-containing stimulant drugs.
Introduction
Tourette syndrome (TS), also known as Gilles de la Tourette's syndrome or Tourette disorder, is a childhood-onset condition characterized by chronic motor and phonic tics. Simple motor tics consist of brief twitches or jerks, such as eyeblinking, facial grimacing or head jerks. More complicated or coordinated movements, like touching, tapping or jumping, are considered to be complex motor tics. Simple phonic tics are inarticulate noises or sounds such as throat clearing, sniffing and grunting, while complex phonic tics have linguistic meaning and consist of partial words, full words or phrases. Coprolalia (obscene words or insults) is an example of a type of complex phonic tic, and while responsible for much of the public notoriety of TS, is present in only a minority of TS patients.
It has been estimated that about 1 % of school-age children have TS. Some patients with TS have mild tics. In others, tics can be disabling by causing social embarrassment, low selfesteem, social isolation, and sometimes conflict with others (e.g., with verbal insults). Some tics are painful (e.g., neck jerks) and some can be self-injurious (e.g., scratching, picking, poking), even life-threatening [1] . Tics sometimes interfere with the flow of speech or actions.
TS is now viewed as a neuropsychiatric spectrum disorder in which the tics are commonly associated with attention deficit hyperactivity disorder (ADHD) and obsessive-compulsive disorder (OCD). For some patients, these behavioral comorbidities can be the major source of disability and should be considered to be important targets for treatment.
Pathogenesis
Ideally, the treatment of neurological movement disorders, including TS, is driven by an understanding of the underlying neurobiological mechanisms [2, 3] . From a historical perspective, it was the observed response of patients with TS in the 1950s and 1960s to antipsychotic dopamine receptor blocking drugs that led to a reconceptualization of TS as an organic, neurological and neurochemical disorder rather than one with psychodynamic roots. These therapeutic observations also contributed to the notion that there is a state of increased dopamine neurotransmission in the brain that underlies TS. This so-called "dopamine hypothesis" of TS remains an active one today, but unfortunately the exact mechanisms have not been elucidated. A variety of neurochemical, neuropharmacological and functional neuroimaging studies have been carried out with the aim of sorting out whether increased dopamine signal transduction is indeed a primary mechanism leading to tics and, if so, whether there is an increased amount of synaptic dopamine (high tonic release, increased phasic release or increased innervation) or an increased sensitivity to the neurotransmitter (increased receptor number, increased receptor affinity, altered postsynaptic signaling). To date, research evidence has proven to be inconclusive in clarifying these possibilities.
Probably the most accepted current hypothesis regarding the underlying pathophysiology and pathological anatomy of TS is that there is an impairment of cortical inhibition of motor programs that are spontaneously generated in the basal ganglia and expressed as tics. In support of this notion, a repetitive transcranial magnetic stimulation study of patients with TS found reduced excitability of intracortical inhibition [4] , suggesting that sensory inputs have an increased ability to stimulate motor outputs. This finding may represent a physiological correlate of the known clinical feature of TS that tics are often linked to premonitory sensations [5] .
Volumetric brain MRI studies have identified cortical abnormalities in patients with TS, but structural localizations have been inconsistent, although several MRI studies have reported reduced caudate volumes [2] . Basal ganglia functional disturbances have also been identified in TS. Only a small number of postmortem TS brains have been examined pathologically. Two postmortem brain studies revealed a decrease in parvalbumin positive GABA neurons and cholinergic neurons in the striatum [6, 7] . Further support for a disturbance of GABA neurotransmission comes from a recent positron emission tomography study that found abnormal binding of GABA A receptor binding in patients with TS compared to normal controls [8] . A variety of studies have reported disturbances in other neurochemical systems, including acetylcholine, glutamate, norepinephrine, histamine, opiates, adenosine and second messenger systems, but there is inadequate information to suggest new rational therapeutic approaches.
Therapeutic Approach for Tics
For people with TS who have mild and nondisabling tics, education about the condition and some supportive counseling are sufficient interventions. For children, a key focus is on maintaining and strengthening self-confidence and selfesteem in the face of TS. When tics are disabling, ticsuppressing therapy is indicated.
Cognitive Behavioral Therapy for Tics
Clinical trials have demonstrated tic-suppressing efficacy as a form of cognitive behavioral therapy called "habit reversal", which involves training patients to self-monitor their tics and premonitory sensations, and to respond to them by performing a voluntary behavior that is physically incompatible with the tic [9] . Potential shortcomings of habit reversal therapy are that it must be administered by a specially trained therapist so it is not widely available, it is time-consuming, and its longterm benefits have not been examined. There are concerns that having children mentally monitor and focus on their tics might detract from attentional abilities for more important tasks such as schoolwork. Some experts advocate trying this therapy first so that medications might be avoided. It may not be a satisfactory first line therapy for patients with severe tics. To date, cognitive behavioral and pharmacologic treatments have not been directly compared.
Pharmacotherapy for Tics (Table 1) A number of recommendations and guidelines for the pharmacotherapy of TS have been published [10, 11] . Due to the general paucity of class I and class II evidence, current treatment recommendations are often based on the personal experience of skilled clinicians and the variable regional availability of particular medications. The following represents a summary review and is influenced by the author's experience.
Antipsychotic Medications
The only FDA-approved medications for TS are the classical neuroleptic antipsychotic drugs, haloperidol and pimozide, which block D2 dopamine receptors. Their efficacy is supported by past controlled clinical trials, although these early trials often utilized nonstandard outcome measures. Long- term tic control typically requires chronic therapy. In a controlled trial of patients whose tics were controlled after 1-3 months of pimozide therapy, those in whom therapy was withdrawn (placebo group) relapsed (required an increase in drug dosage) after a mean of 37 days compared to 231 days in patients staying on the drug [12] . The most frequent side effects of these antipsychotic drugs are sedation, depression, increased appetite and parkinsonism. Fortunately, patients with TS treated with antipsychotics rarely develop tardive dyskinesia, possibly because the underlying state of their dopamine receptors is such that antagonist medications cannot induce the upregulation or increased sensitivity thought to underlie tardive dyskinesia [13] . Routine monitoring of the electrocardiogram is recommended when using pimozide because the drug can prolong the Q-T interval. Randomized controlled trials have also supported the efficacy of the newer atypical antipsychotic risperidone for suppressing tics with similar magnitudes of benefit as the classical antipsychotics [14, 15] . Observational data suggest that some of the other members of this drug class, such as aripiprazole and olanzapine, may likewise be effective in lessening tics. These drugs, however, carry the risk of tardive dyskinesia, albeit relatively small [16] . A large multicenter randomized controlled trial of aripiprazole for TS is currently in progress. While the atypical antipsychotics tend to have fewer motor complications, such as parkinsonism, they also commonly cause sedation and depression. It has become increasingly recognized that atypical antipsychotics often induce weight gain and glucose intolerance (metabolic syndrome), and these risks must be considered when selecting medications for patients with TS.
Alpha Agonists
Although antipsychotics have documented efficacy for suppressing tics, because of their frequent side effects, other medications are often used first. Several trials have supported efficacy of the alpha-2 adrenergic drugs clonidine and guanfacine [17, 18] . The magnitudes of benefit reported are generally lower than for the antipsychotics, although no direct comparisons have been published. Since they also have efficacy for ADHD, the alpha agonists may be a good first-line choice for patients with both tics and ADHD. Common side effects of the alpha agonists are sedation, headache, dizziness, and irritability. Guanfacine is usually preferred because it tends to cause less sedation and can be given once (bedtime) or twice daily compared to 3-4 daily doses for clonidine. In my experience, a newer longer-acting form of guanfacine has proven to be less effective, possibly due to problems with absorption, and does not appear to have significant advantages over the original product. A transdermal form of clonidine is available and useful for children with problems swallowing pills.
Other Medications
Tetrabenazine is a drug that is a VMAT2 inhibitor and depletes presynaptic dopamine and has been reported to reduce tics [19, 20] . Some clinicians recommend tetrabenazine as a first-line treatment for tics. The most common side effects of tetrabenazine are sedation, depression, insomnia, and restlessness [21] . The drug appears to have a low likelihood of causing tardive dyskinesia. Unfortunately, no comparison trials have been performed to determine the best initial medication.
A small clinical trial indicated that the antiepileptic agent that influences excitatory and inhibitory neurotransmission, topiramate, is effective for tics [22] . This drug can cause language and other cognitive side effects which might interfere with a child's learning. Dopamine agonists have been reported to reduce tics but a recent controlled clinical trial failed to show efficacy for pramipexole [23] . Other medications that have been described as being able to reduce tics include clonazepam, leviteracetam, and baclofen, but the evidence is limited and they are not commonly used.
Although it is common practice to combine drug classes, such as an alpha agonist and an antipsychotic, to suppress more severe tics, this approach has not been studied systematically. Although a number of nontraditional supplements and vitamins have been suggested to benefit TS, there is little scientific support for their use.
Botulinum Toxin for Tics
Local intramuscular injections of botulinum toxin is a therapeutic option when there are a few particularly bothersome tics. Case series indicate that botulinum toxin can not only reduce tics but also associated uncomfortable premonitory sensations and pain [24, 25] . Eyeblinking, neck and shoulder tics are the most common tics treated this way. Intralaryngeal injections are sometimes used for severe vocal tics. The benefits of botulinum toxin therapy are temporary, lasting 3-6 months. 
Deep Brain Stimulation Surgery for Tics
In the past few years, deep brain stimulation (DBS) has been used for TS patients with disabling and medication-refractory tics. The results of double-blind, cross-over (with stimulation on or off) trials involving thalamic stimulation indicate that some patients can achieve substantial benefit [26, 27] . However, the best patient selection criteria and the optimal location for the electrodes (thalamus, globus pallidus interna, putamen, subthalamic nucleus and other areas have been used) in TS have not been established [28] . Potential complications associated with DBS include stroke, infection and side effects during stimulation, such as paresthesias, visual symptoms and dysarthria. Some patients with TS and self-harming tics/compulsions caused damage to their DBS hardware or caused infections by picking, scratching or digging at it, which should be taken into consideration when selecting patients for the procedure.
Treatment of Behavioral Comorbidities
A very important aspect of optimally managing patients with TS is to treat psychiatric comorbidities appropriately (Table 2) . Cognitive behavioral therapy, selective serotonin reuptake inhibitors (SSRIs) and atypical antipsychotics are established therapies for OCD. Deep brain stimulation surgery involving the nucleus accumbens is being studied for severe cases of OCD. Since stimulants can induce tics, it had been recommended that these drugs should be avoided in children with ADHD who have tics or even a family history of tics. Randomized, blinded and placebo-controlled trials have shown, however, that at least the stimulant methylphenidate does not exacerbate tics in children with TS and is effective in treating coexisting ADHD [29, 30] . A variety of methylphenidate formulations are now available, including long-acting oral agents and skin patches. Other types of stimulants, such as dexedrine and mixed amphetamine salts, have not been studied in patients with TS. The selective norepinephrine reuptake inhibitor atomoxetine has been shown to improve ADHD symptoms without worsening of tics in children with both conditions [31] . Given the fact that many TS patients require treatment for both tics and comorbidities, combination therapy with ticsuppressing, anti-OCD and anti-ADHD medications is commonly employed. No formal assessments of such combination therapy have been reported. A useful treatment algorithm for treating patients with TS has recently been published [2] .
A variety of other comorbidities, including mood, anxiety, impulse control and sleep disorders can occur with TS. A discussion of treatment for these conditions is beyond the scope of this article.
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